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Abstract: This paper presents experimental results obtained by metalizătii ultrasonic spray field 

by three works: oxigaz and wire flame, electric arc and three electrode wires and oxigaz flame 

and dust with ultrasonic activation of filler material or piece reconditioned. It then presents the 

experimental results of the adhesive strength deterrminarea the tensile load and resistance to the 

movement of the shear adherence, achieving an increase in the adhesive strength of 8-15%, the 

metal spraying in an ultrasonic field to the metallization by ultrasonic spray without activation. 
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1. INTRODUCTION 

   The process of reconditioning the ultrasonic field of automotive parts is optimal if 

reconditioned has unrivaled reliability (at least 1.5 ... 3.0 times more reliable than new song) 

and a minimum cost of processing. Because reconditioned have unrivaled reliability must 

follow a couple filler-base material which have the following characteristics: resistance to 

surface adhesion (line markers) to 40 MPa; 8 to 12 % porosity (to allow the absorption of 

large quantities of the lubricant to substantially increase the wear resistance, fatigue strength 

of 50 ... 100 % higher than the support material, the hardness HRC of the deposited layer 60, 

the thickness of the deposited layer greater than 0.5 mm to allow the correction to the 

functional size, roughness Ra final less than 0.02 μm, a fine grain structure with grains axial, 

mechanical and functional characteristics better than those of the base material and a structure 

without internal tensions [1, 2, 5]. Aceste cerinţe pot fi îndeplinite dacă materialul depus prin 

metalizare prin pulverizare, împreună cu materialul de bază (suport) formează un cuplu cu un 

comportament în exploatare mai bun decât al unei piese noi, confecţionată doar din materialul 

de bază ( nu se pune problema ca piesa nouă să fie confecţionată numai din materialul de 

adaos pentru că preţul de cost ar fi extrem de mare). 

 To reveals operational behavior of reconditioned parts through metallization and to 

determine optimal technological reconditioning process by metal spraying ultrasonic field 

have made numerous experiments with and without activation metallization ultrasonic various 

fillers couples, basic materials, using different types of regimes metallization [1, 2, 3]. 

 

2. EXPERIMENTAL RESULTS 

     The experiments were done using the following methods of reconditioning the 

metal spraying [2, 5]: reconditioning metal spraying flame by flame and wire electrode with 

ultrasonic activation wire electrode;  reconditioning the metal spraying arc and three electrode 

wires with wire ultrasonic activation of the central electrode; reconditioning metal spraying 

flame by flame and dust with ultrasonic activation reconditioned piece.  
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Metal spraying metalization were made with and without ultrasonic activation 

processes using three couples on the following materials: alloy steel AWS X30NiMoVCr10 

STELLITE 12, W; NiMoVCr11- steel wolfram carbide X 30 TP 4000; FxMo1Si2,4 low alloy 

special cast - STELLITE 12 AWS, W and low alloy special cast Fx Mo1Si2,4 - wolfram 

carbide 4000. TP / [4, 6]. 

 Deposition of addition material was done in layers with a thickness of 0.5 ... 3.0 mm, 

depending on the size you wear may occur in the parts to be reconditioned. Reconditioned 

must have a high resistance to wear and corrosion, good resistance to dynamic loads and other 

operational characteristics requested by the functional role. The experimental results in the 

couple resulting from the reconditioning is presented in tables 1, 2, and 3. The tests and 

measurements were made according to ASME norms ISO 15612-4 WS 001,716 and 

resistance to wear and dynamic loads and ASME standards WS + 001,711 and ISI 15814-7 

for determination of hardness [7, 8, 9]. 

 
 Table 1. Principal functional characteristics of reconditioned pieces depending on the process used for metal 

spraying and way of submission filler material 

No 

 

The 

process for 

metal 

spraying 

Way of 

submission 

of filler 

material 

The test 

area 

Rp0,2 

[MPa

] 

Rm 

[MPa

] 

A 

[%] 

Z 

[%] 

KV- 46 

longitudinall

y 

KV46 

transversel

y 

HB 

1. 

with oxi-

gas the 

flame and 

the wire 

without the 

ultrasonic 

activation 

the base 

material 
840 950 18 30 176,4 188,2 430 

addition 

material 
660 770 23 55 166 176 460 

with 

ultrasonic 

activation 

wire 

electrode 

the base 

material 
860 995 22 35 189,3 196,4 458 

addition 

material 
690 702 25 58 175,4 183,2  

2. 

with arc 

and three 

wires 

without the 

ultrasonic 

activation 

the base 

material 
800 950 19 28 156 171 420 

addition 

material 
640 785 20 52 160 162 440 

with 

ultrasonic 

activation 

recondition

ed piece 

the base 

material 
845 970 21 32 163 175 450 

addition 

material 
680 815 23 54 168 170 470 

2. 

 

 

 

with 

electric arc 

and three 

wires 

 

 

 

 

without the 

ultrasonic 

activation 

the base 

material 
800 950 19 28 156 171 420 

addition 

material 
640 785 20 52 160 162 440 

with 

ultrasonic 

activation 

wire 

electrode 

the base 

material 
845 970 21 32 163 175 450 

addition 

material 
680 815 23 54 168 170 470 
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3. 

With 

oxigaz the 

flame and 

powder 

without the 

ultrasonic 

activation 

the base 

material 
830 920 16 28 160 168 410 

addition 

material 
640 730 20 52 171 172 430 

with 

ultrasonic 

activation 

wire 

electrode 

the base 

material 
860 965 20 32 184 196 480 

The base material:   X30NIMoVCr11, Addition material: STELLITE 12AWS,W 
 

Table 2. The main functional characteristics of reconditioned according to the procedure used metal spraying 

and way of submission filler material 

No. 
 

The process 

of 
metallization 

by spraying 

Method of filing 

the addition 

material (MA) 

The test 
area 

Rp0,2 

[MPa] 
Rm 

[MPa] 
A 

[%] 
Z 

[%] 
KV-46 

longitudinally 
KV- 46 

transversely 

HB 

HRC 

1. 
With oxigas 

the flame and 

the wire 

without the 

ultrasonic 

activation 

MB 
 

850 960 20 33 160 170 
450 

MA 

 
890 1005 12 24 180 196 

52 

HRC 

with ultrasonic 

activation 
the wire 

electrode 

MB 
 

883 1000 22 35 171 175 
472 

MA 920 1030 15 25 185 199,5 
55  

HRC 

2. 

with electric 

arc 

and three 
wires 

without the 

ultrasonic 
activation 

MB 
 

830 940 18 29 152 156 
445 

MA 

 
850 986 10 21 172 182 

49,5 

HRC 

with ultrasonic 
activation 

the wire 

electrode 

MB 
 

850 955 21 32 165 164 
470 

MA 885 998 13 25 178 193 
53,5  

HRC 

3. 
With oxigas 

the flame 

and powder 

without the 

ultrasonic 
activation 

MB 
 

840 955 19 32 158 172 
440 

MA 

 
885 998 14 21 176 191 

49 

HRC 

with ultrasonic 
activation 

the wire 

electrode 

MB 
 

887 978 23 35 164 179 
479 

MA 910 1025 16 26 186 199,2 
56,5  

HRC 

The base material:   X30NIMoVCr11, Addition material:: TP 4000 
 

Table  3. Main characteristics of functional reconditioned by metal spraying depending on the process 

and how to submit on material 

No. 

 

The 

process 

for metal 

spraying 

Mothod the 

addition 

material 

deposition 

The test 

area 

Rp0,2 

[MPa] 

Rm 

[MPa] 

A 

[%] 

Z 

[%] 

KV- 46 

longitudin

ally 

KV- 46 

transverse

ly 

HB 

HRC 

1. 

With 

oxigaz the 

flame and 

the wire 

without 

ultrasonic 

activation 

MB 

 
310 550 3 8,5 8,0 10,0 350 

MA 

 
660 770 23 55 170 180 450 

 

 

 

 

 

 

 

with 

ultrasonic 

activation 

wire electrode 

MB 

 
325 594 4,5 10,2 11,3 13,5 374 

MA 686 796 28 61,0 186 198 498 
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2. 

with 

electric 

arc and 

three 

wires 

without 

ultrasonic 

activation 

MB 

 
308 540 2 5,4 4,5 8,2 342 

MA 

 
640 748 21 47,3 152 169 448 

with 

ultrasonic 

activation 

wire electrode 

MB 

 
315 555 3,5 8,3 7,9 11,3 350 

MA 649 753 22,2 52,4 164 172 461 

3. 

with 

oxigas the 

flame and 

powder 

without 

ultrasonic 

activation 

MB 

 
312 548 2 7,5 7,5 9,8 348 

MA 

 
658 769 19 53 169 178,9 448 

with 

ultrasonic 

activation 

wire electrode 

MB 

 
350 570 5 9.8 10,1 12,4 380 

MA 694 798 26 57 182 189,8 488 

The base material:   FXMo1Si2,4, Addition material: STELLITE 12 A WS,W. 

  A particularly important issue is to determine the additive material layer 

adhesion to the base material, so in order to optimize the technological process of metal 

spraying in field tests were conducted ultrasonic testing that will present next.  

 

3. TESTING COUPLE RESULTING FROM THE RECONDITIONING PROCESS BY 

METAL SPRAYING ULTRASONIC FIELD 

 The test was aimed determine the adhesive strength of the layers deposited by 

ultrasonic metal spraying without activation and ultrasonic activation. For this were used as 

distinct test methods and non-destructive methods. For a comparative analysis was made 

following tests shown below, the standard samples and the corresponding technological 

conditions. 

 

3.1. DETERMINATION OF RESISTANCE TO ADHESION BY TENSILE TEST.  
The test was made conditions of STAS 11684 / 3-83 test specimens of shape and 

dimensions shown in figure 1. 

2431

50 30

M
1
6

Ø
5
0

Ø
5
0

30 50

0,8

0,8

 
Fig. 1. The form and dimensions of tensile test eprruvetelor used according to STAS 11684 / 3-83 
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 In part 1 was also deposited in the filler material 3 with a thickness of 0.8 mm and 

with an adhesive layer 4 appropriately chosen to, was combined fixed directly to the 

connector 2. Tests were performed on a machine tried to drive, precision class 1 according to 

STAS 1510-80, provided with a fastening device that allows a good central and uniform 

loading of specimen. Loading specimen was made continuous and progressive, with a load 

speed of 1,000 N /s. The test results are presented in table 4. 

 
Table 4. Results of tensile tests on adhesion layer deposited by metal spraying. 

No. 

 The process for metal 

spraying 
The mode of metal spraying 

The test 

piece 

no. 

The resistance 

to adhesion 

traction [MPa] 

Place of 

detachment 

1 

with oxigas flame and 

the wire 

 

without ultrasonic activation 

1 64,2 LD 

2 2 65,3 SD 

3 3 63,7 LD 

4 4 62,9 LD 

5 5 65,8 SD 

6 

Ultrasonic activation of the wire 

electrode 

14 60,8 SD 

7 24 71,9 SD 

8 34 69,7 SD 

9 44 68,5 SD 

10 54 72,5 SD 

11 

with electric arc and 

three-electrod wires 

without ultrasonic activation 

1 48,3 LD 

12 2 47,2 LD 

13 3 49,7 LD 

14 4 51,8 LD 

15 5 53,2 LD 

16 

ultrasonic activation of the central 

electrod wire 

14 54,6 SD 

17 24 56,8 SD 

18 34 57,2 SD 

19 44 59,5 SD 

20 54 61,6 SD 

21 

With oxigas the flame 

and powder 

without ultrasonic activation 

 

1 56,4 LD 

22 2 57,9 LD 

23 3 63,2 SD 

24 4 65,7 LD 

25 5 68,9 SD 

26 

with ultrasonic activation 

reconditioned piece 

14 71,2 SD 

27 24 76,9 SD 

28 34 77,3 SD 

29 44 80,7 SD 

30 54 82,4 SD 

MB - basic material: X30MoNiVCr11, MA- the addition material: STELLITE 12 AWS, W; 

LD -line demarcation; SD - deposited layer. 

 

 From the results shown in table 4, the values of adhesive strength by tensile testing 

that: 

 - in all cases the metal spraying process ultrasonic activation, adhesion to the tensile 

strength increases by 7 .... 15% of metallization without ultrasonic activation; 

 - best adhesion is obtained when the metal spraying is done with ultrasonic activation 

reconditioned piece, which can be explained because in this case there is an near perfect 

cleaning because ultrasonic cavitation and is prevented from arising of oxides during 
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solidification of liquid particles the additive material; 

 - breaking the specimen, always held in the layer of material deposited (figure 3), 

when metallization made with ultrasonic activation piece reconditioned and sometimes the 

line (figure 4) in other cases. There have been cases of breaking into the base material the 

immediate vicinity of demarcation line (figure 5). 

 

3.2. DETERMINATION OF TENSILE SHEAR ADHESION BY TRYING. 

Tests to determine the shear adhesion was made under the conditions of STAS 11684 / 

4-83, on specimens of shape and dimensions to present in figure 2.  
Ø

32

Ø
32

10 16 16 1015±0.1 15±0.1 15±0.1

Ø
40

Ø
36

20

Ø
32

21

 
Fig. 2. The shape and size of the specimens used to determine the shear adhesion by trying: 

1- the addition material; 2 base material 

 

  
 

 
 

Fig. 3. The appearance rupture the immediate 

vicinity of demarcation line in the filler material: 

Basic material: X30MoNiVCr11 

The addition material: STYELLITE 12 AWS 

Zoom 100 x W  

 

 
 

Fig. 4.  The appearance rupture inside layer is: 

Basic material: X30MoNiVCr11 

The addition material: STYELLITE 12 AWS, W, 

Zoom 100 x 
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               The cylindrical specimen was also deposited ɸ36 filler material with a thickness 

of 2.0 mm, by the methods examined, with and without ultrasonic activation, after which 

the processed dimensions in the figure. The tests were performed on a compression testing 

machine having precision class 1 according to STAS 1510-1580, the rate of loading of the 

specimen is approximately 8500N / s, under ambient conditions (STAS 6300-81). Test 

results are presented in table 5. 
 

 

 
 

Fig. 5.  The appearance the rupture line between the 

base material and filler material: 

Basic material: X30MoNiVCr11 

The addition material: STYELLITE 12 AWS, W, 

Zoom 200 x 

 

 
 

Fig. 6.  The appearance rupture in the base material in 

the immediate vicinity of the demarcation line: 

Basic material: X30MoNiVCr11 

The addition material: STYELLITE 12 AWS, W, 

Zoom 100 x 

 

 Table 5. The test results on the shear adhesion the layer deposited by metal spraying 

No 

Crt. 

The process for 

metal spraying 

Method of the addition material 

deposition 

The test piece 

no. 

The shear adherence 

to resistance  

[MPa] 

1. 

oxygas flame 

and electrode 

wire 

without ultrasonic activation 

1 36,5 

2 37,2 

3 33,4 

ultrasonic activation of the wire 

electrode 

14 39,8 

24 41,2 

34 37,9 

2. 

arc and three-

the electric  

electrode wires 

without ultrasonic activation 

1 30,6 

2 32,4 

3 33,7 

ultrasonic activation of the wire 

electrode 

14 35,7 

24 36,8 

34 37,9 

3. 

oxyfuel by 

flame and 

powder 

without ultrasonic activation 

1 42,3 

2 43,7 

3 45,6 

ultrasonic activation reconditioned 

of the piece 

14 47,9 

24 48,8 

34 50,6 
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The base material: X30MoNiVCr11;  The addition material  STELLITE 12 AWS,W. 

 

4. CONCLUSIONS 

 The analysis results for resistance to adherence by tensile test and The shear test can 

draw the following conclusions: 

 1. In all cases of metal spraying ultrasonic activation process increases the tensile the 

adhesion 7 ... 15 % versus the metallization without ultrasonic activation; 

 2. best adhesion is achieved when spraying metallization ultrasonic activation 

reconditioned of the piece, which can be explained Since there for this purpose there is a 

almost perfect cleaning because ultrasonic cavitation and is excited appearance oxides during 

solidification liquid additive material particles ; 

 3. In all cases the metal spraying activation ultrasonic shear adhesive strength 

increased by 10 ... 12 %, depending on the process used, as compared to metal spraying 

without ultrasonic activation; 

 4. It shears the good adherence is obtained when metallization oxyfuel flame spraying 

and powder reconditioned piece ultrasonic activation. 

 5. The rupture and peeling the has occurred in close proximity to the boundary layer 

metallization of filler without ultrasonic activation and addition material layer for metal 

spraying ultrasonic activation deposited material or reconditioned piece. 
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